グラフィックス ト ショウメイ スキーム ノ ハッタツ スウガク ソフトウェア ト キョウイク スウガク ソフトウェア ノ コウカテキ リヨウ ニ カンスル ケンキュウ by 金子, 真隆 & 高遠, 節夫
Titleグラフィックスと証明スキームの発達 (数学ソフトウェアと教育 : 数学ソフトウェアの効果的利用に関する研究)
Author(s)金子, 真隆; 高遠, 節夫








Fuculty of Fundamental Research,
Kisarazu National College of Technology
(Setsuo Takato)











(6),7) $)$ , G. Harel L. Sowder
(8) $)$
$I4Tffl$ CAS







Harel Sowder (8) $)$
The empirical proof scheme is not well understood. For example, our work
at two different sites has given different impressions of students’ comfort
with the use of counterexamples. Is this an artifact of the limits of teach-
ing experiments and interviews, or might some difference in the college (or
precollege) curricula experienced at the two locations?
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in which conjectures are validated or subverted by appeals to physical facts
or sensory experiences
Inductive proof scheme
in which students ascertain and persuade about the truth of a conjecture by




in which students convict and persuade the truth of a conjecture through





in which conjectures are validated by means of logical deductions involving




in which students translate the given question into well-understood model
Interiorized proof scheme
in which students reflect their reasoning in internalized stage and formulate
the underlying structure of them as a general method of proof
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Restrictive proof scheme
in which students are captured by their specific mental images, though their




Axiomatic proof scheme Intutive axiomatic
proof scheme
in which students can handle only axioms that correspond their intuition or
ideas of self-evidence
Structural proof scheme
by which one thinks of conjectures and theorems as representations of sit-
uations from different realizations that are understood to share a common

















$R^{n}$ $F$ x, y $\in R^{n}$
$\lambda(0<\lambda<1)$
$F(\lambda x+(1-\lambda)y)\leqq\lambda F(x)+(1-\lambda)F(y)$
1. A $F(x)=$ ($x$ , Ax) 3
(a) $F(x)=$ ($x$ , Ax)
(b) x, y $\in R^{n}$ $(x, Ax)+$ ($y$ , Ay) $\geqq 2$ ($x$ , Ay)
(c) $x\in R^{n}$ $(x, Ax)\geqq 0$
2. A $D$ $D=\{x\in R^{n}|F(x)\leqq k\}$
$k>0$ $D$







$(x, Ax)\leqq k$ , ($y$ , Ay) $\leqq k$
$\lambda(0\leqq\lambda\leqq 1)l$
$(\lambda x+(1-\lambda)y, \lambda Ax+(1-\lambda)Ay)\leqq k$
















A $R^{n}$ $v_{1},$ $v_{2},$ $\cdots,$ $v_{n}$
A :
$Av_{1}=\lambda_{1}v_{1},$ $Av2=\lambda_{2}v_{2},$ $\cdots,$ $Av_{n}=\lambda_{n}v_{n}$
$x\in R^{n}$ $x=x_{1}v_{1}+x_{2}v_{2}+\cdots+x_{n}v_{n}$
($x$ , Ax) $=\lambda_{1}x_{1}^{2}+\lambda_{2}x_{2}^{2}+\cdots+\lambda_{n}x_{n}^{2}$




$\lambda_{1}a_{1}^{2}+\lambda_{2}a_{2}^{2}+\cdots+\lambda_{n}a_{n}^{2}\leqq k$, $\lambda_{1}b_{1}^{2}+\lambda_{2}b_{2}^{2}+\cdot\cdot\cdot$ $+\lambda_{n}b_{n}^{2}\leqq k$





































$f(x, y),$ $g(x, y)$
1
Restrictive proof scheme ( Generic proof scheme)
1 Symbolic proof scheme
45 1
( )












$(f_{x}(a, b), f_{y}(a, b))$ $f(x, y)=0$













Proof is entirely subjective and can vary from person to person according to
their attitude to mathematics
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